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Abstract 
Through many interactions, the composition and chemistry of the atmosphere are inherently connected 
to the climate system since atmospheric pollutants initiate chemical reactions affecting the climatically 
important compounds such as greenhouse gases. Therefore, when considering climate chemistry 
interactions in the atmosphere, it is not only important to study the emissions of the climate compounds, 
but also to consider the chemical processes and the distribution of the compounds in the atmospheric 
regions by assessing their atmospheric sources and fates and determining their lifetimes. A considerable 
amount of kinetic studies has been carried out in this field. Consequently, progressive improvements in 
the database for reactions involving atmospheric pollutants and the quantification of their atmospheric 
lifetimes are made. This is fundamental to understanding the relationship between the budget and the 
trends of atmospheric pollutants and thus, their impact on the climate. This issue is an essential step 
helping to develop effective control strategies and to establish appropriate legislations in order to prevent 
the emission of pollutants and to protect the atmosphere. In this respect, this paper focus on the impact of 
the gas phase chemistry on the climate and briefly presents the future changes in the Mediterranean 
climate. The major kinetic methods used in this field in laboratory studies are then reviewed and 
emphases on their limitations are indicated. 
© 2011 Published by Elsevier Ltd. 
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1. Climate change 
The climate system involves the earth's atmosphere, land surfaces and oceans. These components 
interact with each other and with aspects of the earth's biosphere to determine the day to day weather and 
the long term average that we refer to as 'climate'. Presently, there is a high confidence that the climate 
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change is mainly due to the global effect average of human activity since 1750 [1]. In fact, most of the 
observed increase in global average temperatures since the 20th century is due to anthropogenic 
greenhouse gases. The IPCC (Intergovernmental Panel on Climate Change) Fourth Assessment considers 
projected warming of about 0.2°C per decade for the next two decades [2]. Most scenarios expect annual 
temperature increases of more than 2°C by 2080 compared with average temperatures of 1960 1990 [3] 
with potential impacts affecting the economy, infrastructure, and health, the landscapes around us, and the 
wildlife that inhabit them (e.g. Ocean salinity changes, drying trends in the Mediterranean) [1]. Future 
changes in the human related emissions are to a large extent dependent on the emission scenarios adopted, 
which are based on the implementation of environmental safety measures to reduce emissions and 
economical growth. The scientific problems and the policy issues linking climate change and air quality 
are complex. The role of the research community here is to understand the problems and to quantify the 
effects. Despite the efforts made to elaborate strategies to reduce emissions, climate change remains one 
of the most important and complicated environmental issues facing world leaders in our time, requiring 
urgent action on the part of all governments and citizens. 
1.1.  Climate change in the Mediterranean basin 
Emission scenarios for the coming decades have a large uncertainty range, in particular with respect to 
regional trends. In spite of this uncertainty, there is a broad consensus on a number of general trends in 
the Mediterranean basin, a region expected to be more strongly affected by the climate change than other 
regions on Earth [4]. In fact, this region is a crossroad of air masses coming from Europe, Asia and Africa. 
As a consequence of its unique location and emissions, the Mediterranean region is often exposed to 
multiple stresses, such as air pollution exposure [5]. It is consequently considered as a ‘‘hot spot’’ area for 
climate change due to the observed ozone built up and owing to the high level of industrialization and 
dense population [6 7]. There is high confidence that a number of weather anomalies and environmental 
changes occurring in the Mediterranean region in the last half of the 20th century have been caused by 
global warming e.g. glaciers treat in Spain and Turkey, extreme climate events: heat waves in Portugal, 
etc) [1]. Additionally, several environmental pressures are expected for the near future (2025) in four 
main areas: energy, water, urban area and rural area in this region [8]. 
2. Climate-chemistry interactions 
The composition of the atmosphere is determined by natural and human related emissions, and the 
energy balance within the atmosphere. The major anthropogenic impact on climate occurs through a 
modification of the Earth’s radiation balance by changing the amount of greenhouse gases (H2O, CO2,
CH4, O3) and aerosols in the atmosphere. Other pollutants such as CO, VOC, NOx and SO2, which by 
themselves are negligible greenhouse compounds, have an important indirect effect on climate by altering 
the abundances of radiatively active gases such as O3 and CH4. Furthermore, they act as precursors for 
secondary organic particles [9]. Once released into the atmosphere, air pollutants are removed by various 
transformation pathways (photolytic processes, heterogeneous reactions, gas phase chemical reactions, 
etc). The importance of the interactions between climate and chemical reactions pathway has been 
recognized for more than 20 years [10]. Our ability to predict this interaction has improved significantly 
over the last decade due to an extensive increase in observational data, modelling and laboratory studies 
[11 14]. Despite this improvement, quantifying these interactions and their relative importance is more 
difficult and many uncertainties remain. Part of this difficulty is the understanding of the chemical 
behaviour of the chemical active pollutants involved in climate change which requires laboratory studies. 
In fact, assessing the impact of an air pollutant on the atmospheric chemistry requires knowledge of its 
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atmospheric lifetime and the mechanisms leading to its formation and fate. Atmospheric chemists are 
almost concerned by neutral neutral chemical reactions since the chemistry of troposphere and the lower 
stratosphere is predominantly driven by neutral molecules. In this paper, we will focus on experimental 
studies involving the kinetics of gas phase reactions. The aim of such studies is to correctly characterize 
chemical processes occurring in the atmosphere and also to estimate the tropospheric lifetimes. These 
experimental data are being incorporated in a realistic way in global climate  chemistry models.  
2.1. Atmospheric importance of organic compounds reactions 
The production of tropospheric O3 a major greenhouse gas, is significant and controlled by interaction 
of the HOx and NOx radical families. Increasingly, it has been recognized that organic compounds (e.g. 
ketones, aldehydes, peroxides, and acids) play an important role in supplying HOx to the upper 
troposphere. NOx sources in this region are numerous and long lived reservoir species such as peroxyacyl 
nitrates (e.g. PAN) serve to redistribute NOx [15]. The subsequent fate of the organic products is therefore 
an important open question. In this update we consider here reactions of tropospheric importance 
involving the Oxygenated Volatile Organic Compounds (OVOCs) and their degradation by chemical 
processes. The most abundant OVOCs in the atmosphere are formaldehyde, acetaldehyde, acetone and 
methanol. In the troposphere, these compounds are transformed by the chemical processes involving 
reaction with OH radical typically during daylight hours, reaction with NO3 radical during evening and 
nighttime hours, reaction with O3, and in coastal and marine areas reaction with Cl atoms during daylight 
hours. These oxidants initiate a large number of chemical reactions affecting climatically important 
compounds such as ozone, methane and PAN. For further discussions on chemical interactions of emitted 
chemicals we refer to the paper by Monks et al. (2009) [5]. OVOCs are among the organic compounds 
detected in the Mediterranean atmosphere which is a photochemical reactor with high levels of oxidants, 
particularly OH radicals. The concentrations of these radicals have been measured to reach mid day 
maxima of approximately 2×107molecules/cm3 [16].  
2.2.  Lifetimes 
The global lifetime is one of the key factors that determine the environmental impact of a source gas 
emitted to the atmosphere. Depending on the lifetime and properties of a pollutant, it can be transported 
on scales ranging from the street level to the global scale. In general, the lifetime of a relatively long lived 
pollutant does not depend on the geographical location of its emission to the atmosphere in contrast to the 
lifetimes of short lived (i.e., highly reactive) gases which are generally not well mixed throughout an 
atmospheric region and their concentrations will be largest near the source regions [17]. A precise and 
accurate laboratory determination of the rate constant (see definition in Section 3) for the reaction of an 
air pollutant (e.g. OVOC) with the atmospheric oxidants is the first step in the evaluation of its 
tropospheric lifetime. The lifetime due to chemical reactions is given by:                    
1/ȗ = 1/ ȗOH + 1/ ȗNO3 + 1/ ȗCl + 1 / ȗ03. Experimentally determined rate constants for the chemical 
reactions can be combined with measured, computed, or estimated oxidants tropospheric concentrations 
to provide lifetimes of the OVOC with respect to each of these potential transformation processes. Such 
calculated lifetimes depend on the temperature assumed. For example, the lifetime due to the chemical 
reaction with OH is given by  ȗOH = (kOH[OH])-1  where kOH  is the rate constant for the reaction of OVOC 
with the OH radical and [OH] is the ambient tropospheric OH radical concentration. Examples of 
tropospheric lifetimes due to chemical processes are cited in Table 1. These values are calculated here by 
combining recommended rate constants by IUPAC with the oxidants concentrations as follows: [OH] =        
2 × 106 molecule cm-3 over a 12 h daytime [18], [NO3] = 5 × 108 molecule cm-3 over 12 h nighttime [19], 
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[O3] = 7 × 1011 molecule cm-3 over 24 h [20], [Cl]= 1×105 molecule cm-3 [21]. The obtained lifetimes 
show that these compounds are predominantly removed by the reaction with OH and also in coastal areas 
by the reaction with Cl. Consequently, these chemical processes occur near the source regions which 
generate an impact on the atmospheric chemistry and the air quality at local and regional scales. 
Table 1. Calculated tropopsheric lifetimes at 298 K for the most abundant OVOCs in the atmosphere 
3. Major techniques used for kinetic studies of atmospheric reactions 
The effects of anthropogenic compounds released into the atmosphere led to a great effort on the 
kinetic measurements and the development or refinement of many techniques [23].               
The kinetics of bimolecular reactions: radical (R)+ Hydrocarbon (RH)Æ products (P) (1) are usually 
studied using absolute or relative techniques. For each category, some techniques are selected and briefly 
described here. Essentially, direct methods for measuring the rate constants of this kind of reactions are 
based on a source of generating the radical, a means of detecting the species and a temperature  
controlled reactor. 
3.1. Temperature control  
It is found experimentally that a lot of reactions have rate constants that follow the Arrehnius equation: 
k = Aexp( E / RT) between 200 and 300 K where k is the rate constant of the reaction (cm3molecule-1s-1), 
A is the pre exponential factor and E is the activation energy. It is important to emphasize that this 
equation is an experimental observation that is only followed over a finite temperature range. The kinetic 
measurements over a wide range of temperature are of obvious practical importance since, in one hand 
they provide estimated tropospheric lifetimes of a chemical compound at various atmospheric altitudes 
and they help understanding the molecular mechanisms on the other hand.    
3.2. Absolute techniques 
Most of the absolute studies involve monitoring the change in the radical concentration in the presence 
of a large excess of the chemical compound of interest (under pseudo first order conditions). The 
variation with time of the radical concentration [R] is written as: d[R]/dt = k[R][RH]  where k  is the rate 
constant of the studied reaction (1). Thus, the pseudo first order rate is defined as follows kfirst = k[RH]. 
Under these conditions and in the absence of any secondary reactions, the decay of the radical 
concentration with time due to reaction (1) is exponential: [R](t) = [R](t0) exp( kfirstt). The characteristic 
a The rate constant is from reference [22]  
Compound OHW 3NOW 3OW ClW
Formaldehyde (HCHO) 16 h 42 d > 4.5 yr 1.6 d 
Acetaldehyde (CH3CHO) 9h 8.5 d > 7.5 yra 1.5 d 
Acetone (CH3COCH3) 32 d > 2 yr - 55 d 
Methanol (CH3OH) 6.5 d 0.5 yr - 2 d 
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time of the exponential decay is defined by ȗ = 1 / kfirst. Measurements of kfirst for different concentrations 
of RH lead to the determination of k. 
3.2.1.  Flow tube methods Discharge flow (DF) 
In most modern apparatus, the flow tube has two jackets. The outer one is evacuated to provide 
thermal insulation, and heated or cooled fluid is passed through the inner jacket to change the temperature 
of the gas mixture in the main tube. In this method, unstable radicals are generated by passing a flow of 
gas that contains a molecular constituent through a microwave discharge. For more details on this method 
we refer to the paper by (Michael el al., 1985) [24]. Here OH radicals are generated by an indirect process 
as follows: H + NO2 Æ OH + NO. Acetaldehyde is introduced from a movable injector and reacts with 
OH under pseudo first order conditions. It is important to point out that the reaction times, between the 
initiation point and the detection one can be calculated knowing the linear flow velocity of the gas 
mixture along the reactor. 
  In laminar flow conditions, potential complications can arise from heterogeneous reactions with the 
walls of the tube which is mitigated in the turbulent flow reactors. Measurements of radical 
concentrations in flow tubes can be made with a wide range of techniques. Some of them are briefly 
outlined here:  
Resonance fluorescence (RF): This method described in details in reference [23] is mainly used for 
monitoring the concentration of atomic species and can also be used to a limited number of molecular 
species (such as OH) but here it has been replaced by the LIF technique described below. For example, to 
detect the OH radicals, H2O/Ar mixture is excited with a microwave generator and cavity, and the 
resultant light is collimated and slightly focused into the flow tube where OH radicals absorb the light and 
the return to the ground state provides a resonant fluorescence [24]. 
Laser induced fluorescence (LIF): The basis of this technique is similar to RF while dye lasers are used 
as the excitation source. The wavelength of the fluorescence can be different from the excitation laser. 
Fluorescence will be then dominated by non resonant transitions. Despite its high sensitivity compared to 
RF, this technique is limited to species with bound and accessible upper electronic states. This method is 
used in laboratory studies [25] and in field measurements for which a good description of the 
measurement of OH in the atmosphere is found in reference [26]. 
Mass spectrometry (MS): This detection technique is widely used in gas phase kinetic and mechanistic 
experiments. It provides a relative concentration of the studied compound at various injector positions. 
The great advantage of this technique is its ability to determine the rate constant of two channels 
occurring in the reactor. Examples of the use of this technique can be found in references [27 28].  
3.2.2. Cryogenic Cooling Flash photolysis (FP) ou Pulsed Laser Photolysis (PLP) 
Mixing time and pressure limitations are the major disadvantages of flow systems. They are overcome 
on the kinetic technique of flash photolysis developed by Norrish and Porter in Cambridge in the late 
1940s and for which they received the Nobel Prize in 1967 [23]. The basis of the technique is very simple: 
reactants and precursors are premixed and flowed into a photolysis reactor at the required pressure. The 
temperature regulation is provided by a fluid circulating between the inner wall and the first jacket of the 
reactor. To generate the radicals, the photolysis pulse is provided by either flash lamps (FP) or lasers 
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(excimer or YAG) (PLP). Pulsed photolysis methods can be used to find the rate constants of reactions 
between a radical and a neutral molecule and also between free radicals [29 30]. The major limitation of 
this apparatus is the loss of low vapour pressure reagent by it condensation on the cooled walls.  
To monitor the radicals in real time, several detection methods coupled to this technique are used such 
as fluorescence techniques [31 33] (described in section 3.2.1) and also the Absorption Spectroscopy 
technique.
Absorption Spectroscopy (AS): In this method, light of a wavelength corresponding to absorption of 
the species is passed through the reactor and the transmitted signal is proportional to the concentration of 
the species via the Beer Lambert law. This technique provides a direct measurement of the concentration, 
and also a complete decay trace is recorded each time the photolysis laser fires. However, potential 
complications car arise when more than one reactant or product absorbs at the monitoring wavelength. A 
large number of kinetic studies involving VOCs have been conducted using this method coupled to Flash 
photolysis [34 35]. 
3.2.3.  Laval Nozzles and the CRESU technique
The CRESU (Cinétique de Réaction en Ecoulement Supersonique Uniforme) technique provides, via 
the continuous isentropic expansion of gas through a Laval nozzle, a ‘collimated’ flow of extremely cold 
gas which is uniform in temperature, density and velocity. The expansion and subsequent cooling are 
rapid enough that heavily supersaturated conditions may prevail, avoiding the major problem of 
condensation associated with the use of cryogenically cooled cells [36] even at the lowest temperature 
that the CRESU technique can reach (~10 K). Although mostly dedicated to studies of astrophysical 
interest, this method has been successfully applied to tackle as well atmospheric problems [37 40]. Due to 
the supersonic nature of the flow, only rate constants greater than 5×10-13cm3molecule-1s-1 can be 
measured using this technique. However, it is difficult to study radical radical reactions although, rate 
constants have been reported for the reaction O(3P) + OHÆO2 + H [41]. Further constraints of the 
CRESU technique lie in the large consumption of gas, and the unusually large pumping capacities. These 
features have led to the development and use of pulsed Laval nozzles that consume less gas. A good 
overview of reactions studied using the pulsed approach including atmospheric reactions is given in 
references [33,36,42]. In reference [33] interestingly, the reaction of OH with acetaldehyde has been 
investigated between 60 and 300 K in the presence and absence of water.  This study showed that added 
water accelerates the reaction mainly at low temperature and this might be a general low temperature 
feature of a larger class of atmospheric reactions. The pulsed version of the CRESU technique, coupled to 
a mass spectrometer, has been used by Trevitt et al, to detect products of neutral neutral reactions [43]. 
3.3. Relative techniques 
The apparatus contains a reactor combined with a GC (Gas Chromatograph) or a Fourrier Transform 
FTIR spectrometer for the reactants analysis [44]. This method could be illustrated by the reaction of OH 
radicals with acetaldehyde by using a reference compound C2H4 with a known rate constant [45]. 
Known concentrations of the two reactants are introduced into the chamber and mixed with HONO, 
the precursor of OH radicals after photolysis in air. Concentrations of the two reactants are measured as a 
function of time by GC.  A plot of ln([CH3CHO]t / [CH3CHO]0) vs. Ln([C2H4]t / [C2H4]0) is a straight line 
of gradient (kCH3CHO / kC2H4) (where [CH3CHO]t and [C2H4]t are the concentrations of CH3CHO and C2H4
at time t respectively and [CH3CHO]0 and [C2H4]0,their concentrations at initial time), kC2H4 is the known 
rate constant of the reaction of C2H4 and kCH3CHO  is the rate constant of the studied reaction). FTIR is an 
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alternative detection technique which provides reactants and products analysis for relative rate 
determination [46]. 
3.4.  The OH + Acetaldehyde reaction 
Acetaldehyde is the next higher aldehyde in the atmosphere after formaldehyde. Mediterranean 
acetaldehyde concentrations range from 1.7 ppbv in Castelporziano to 27 ppbv in Athens [47 48]. Its 
reaction with OH is an important oxidation process in the troposphere since it is a main source of PAN in 
the presence of NOx. Furthermore, as seen in Table 1, this chemical process occurs near the source 
regions which generate an impact on the air quality at local and regional scales. 
As a matter of illustration of the variety of techniques that can be used to study an atmopsheric 
reaction, the rate constants for the reaction of OH with acetaldehyde is presented in Table 2 in addition to 
the associated experimental methods that was used for its determination. As this process has been widely 
explored by kineticists, only typical data are indicated in Table 2 and much more references are available 
on online databases (NIST, IUPAC Subcommittee for Gas Kinetic Data Evaluation, Chemical Kinetics 
Database for oxygenated VOCs gas phase reactions). Interestingly, the reaction exhibits a negative 
temperature dependence as shown in figure 1. 
Table 2. Rate constants for the reaction of OH with CH3CHO determined using different techniques 
a The temperature dependence is calculated here using the rate constants obtained by (Vöhringer-Martinez E.et al. 2007) for 
reactions studied in the absence of water over the range 60-300 K. These data appear to follow the mathematical expression:               
k(T )  k0 T/298) n exp෥ș/T. We insist strongly that this expression is only valid over the studied temperature range. These 
parameters are not intended to be physically meaningful but rather to provide an easy way to introduce experimental results in 
photochemical models with a good level of confidence. 
k/cm3 molecule 1 s 1  Temp/K Reference Technique 
Absolute Rate Coefficients    
5.52 u 10 12 exp[(307 ± 52)/T] 244-528 Michael et al., 1985 DF-RF 
(1.44 ± 0.25) u 10 11 298 Tyndall et al., 1995 DF-LIF 
(1.55 r 0.39) u 10 11 300 Morris et al., 1971 DF-MS 
7.1 u 10 12 exp[(165 ± 91)/T] 253-424 Semmes et al., 1985 FP-RF 
1.18 u 10 9 (T/298)0 4 exp[68/Ta]a 60-300 Vöhringer-Martinez E. et al., 2007 PLP-LIF/ 
pulsed Laval nozzle 
5.32 u 10 12 exp[(315 ± 40)/T] 204-373 Zhu et al., 2008  PLP-LIF 
Relative Rate Coefficients    
(1.28 ± 0.43) u 10 11 298 ± 4 Kerr and Sheppard, 1981 RR /GC 
(1.44 r 0.08) u 10 11 298 r 2 D’Anna et al., 2001 RR /FTIR 
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Fig. 1. Plots of the rate constants a as function of temperature for the reaction of OH with acetaldehyde 
4. Conclusion and future directions 
In this paper, the impact of the gas phase chemistry on the climate is discussed. In the body of the text, 
the climate change and the expected future changes in the Mediterranean climate are first highlighted. 
Then the chemistry climate interactions involving Hydrocarbons (e.g. OVOCs) of importance for both air 
quality and climate change is discussed. In section 3, the major laboratory methods that are used to study 
the gas phase kinetics of atmospheric reactions and to determine tropospheric lifetime of 
anthropogenically produced chemicals are reviewed and some emphases on the limitations of each 
method are discussed. Measurement of the rate constant for reaction between OH and acetaldehyde is 
used as an example of reactions of atmospheric interest. In the great majority of the experiments that have 
been cited, the rate constants have been determined by measuring how the pseudo first order rate 
constant, changes as the excess concentration of the OVOC is systematically varied in a series of 
experiments.  
Studies of future climate chemistry interactions gather together the atmospheric modelling, laboratory 
works and observations. It is quite clear that the concept of an atmospheric lifetime has proved useful in 
considering the environmental effects of a variety of produced chemicals. Advances in laboratory 
techniques have provided the capabilities for estimating such lifetimes. However, part of the wish to 
understand the chemical processes is to study the mechanisms and to determine the branching ratios into 
different channels and how they vary with temperature. This is fundamental for use in atmospheric 
modelling and to compare the rate constants with theory. The majority of the described detection methods 
in this paper provide no direct information about the products of the reactions. In this respect, the 
deployment of flow methods coupled to the MS technique can be advantageous compared to the other 
techniques.  
Furthermore, one of the key steps in quantifying climate chemistry interactions is to improve the 
modelling tools through extensive comparisons with observations. Although significant amounts of data 
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for large scale model validation and process studies have been made available during the last decade, in 
particular satellite observations, the actual needs for observing the Earth’s system are expanding and 
require more complex experiments covering a wide range of instruments and observed species on a global 
spatial and temporal scale.
Ultimately, to achieve air quality goals as well as climate change targets in the long term, society will 
need to reduce Greenhouse gases and air pollutants, including VOCs. The scientific problems and the 
policy issues linking climate change and air quality are complex. There are policies which improve both 
air quality and reduce greenhouse gas emissions. However, policies are agreed and implemented by 
governments who make decisions in the light of scientific, economic, social and political considerations. 
Concerning the Mediterranean climate change, regional policies and strategic actions should be made and 
adopted by all the Mediterranean Sea countries [8]. These legislative solutions should be integrated into 
the states’ policies and insure the protection of the law of environment.  
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